






































































































































































































































































































































































































































































































































































































































































































































































































Figure XVII·'
CHOiCE BETI'VEEN HOUSING AND NONHOUSING EXPENDITURES

BEFORE HOUSING ALLOWANCE OFFER
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> 0,

dA*
dY < O.

cA*
cE(10)

(9)

'"The difference between Z, the level of nonhousing goods that the household

can afford w~th ~ts own income whlle purchasing E, and Z, the level indif

ferent to its orlg~nal positJ.on, is A*, the m1ni.mum payment at which the

household will partJ.cipate. As long as the ~ndifference curve is strictly

'"concave, A* will be positive, but less than (Zo - Z), the payment that

would allow the household to maintaJ.n l.ts Qr1.ginal level of nonhousing

consumptl.on, ZO' while meeting the housJ.ng requlrement. Thus

l.rhis analysis abstracts from a host of issues. It assumes perfect
rat1onality, no mOV3.ng or search costs, and no other disincent1.ves to parti
c1.pation. The J.mportance of these assumpt1.ons is discussed in Section XVILS.

the Mim.mum Rent requirement; the po~nt (E, Z) is on the same indJ.fference
1

curve as (Ho' Zo).

The effect of a change in the housing requirement is shown in Figure XVII-3.

As E 1.S increased from EO to E
1

, the distance between the budget line and

the indifference curve Uo increases, and increases at an increasing rate.

Thus

This depends on the assumption that housing 1S a normal good (expendl-tures

on housing increase as income increases). Intuitlvely, J.£ hous.l.ng is normal

and income J.ncreases enough, the household will reach the required expendi

ture level, and A* will fall to zero.

The effects on A* of changes in income J.S illustrated in FJ.gure XVII-4. An

lllcrease in J.ncome sh1.£ts the budget line up. As drawn J.D Figure XVII-4,

the effect is to reduce A*. That J.S

The rest of this section develops the basic analytic framework for the

M~nLmum Rent requJ.rement and establishes the following theorem.

(11)



Figure XVI 193
THE EFFECT OF CHANGE IN HOUSING REQUIREMENTS ON THE

MINIMUM PAYMENT REQUIRED FOR PARTICIPATION
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THE EFFECT OF CHANGE IN INCOME ON THE MINIMUM PAYMENT
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Theorem 5 (MJ.nimum Rent w~th Constant Prices). Under a Minimum
Rent requ:iIement, pixl > r, the m:Lm.murn payment requ:Lred to
compensate an mdividual for meet:Lng the requirement 15 defined by

A* = A*(r, PI' P2' Y)

where
r the MJ.nJ.rnum Rent requ.u:ement

PI '" the vector of hous1ng component pr1ces

P2 = the vector of nonhous:Lng commodity prices

Y = money mcome.

f
. .. 0

For any g1ven set 0 pr1ces, A* has the propert1es when r > Plxl :

a.

b.

c.

d.

e.

.. Q
r - Plxl > A* > 0

1 > Af > 0

-1 < A~ < 0 everywhere and Ah < 0 everywhere if and only 1£
pi (dxllOY) > 0 everywhere, that is, 1.f the canposJ.te comrnodJ.ty
formed of elements included 1n rent is a normal good

A~r > 0
~ > 0 everywhere J.£ pi (dxl/ClY) > 0 and pi {(l2X1/.:)y2) < 0 every
where (SUfficient condition). Thl.S condit~on will be met, for
example, if the l.ncorne elasticJ.ty of the compoSJ.te carnmodJ.ty,
Xl' is less than one and constant or declining as income
increases.

The rest of thJ.s seetl.on proves Theorem 5.

ConsJ.der the minJ.mUffi lncorne necessary to remaln at the inl.tlal ut1.1ity level,

l' (P, Y), whl1e meetl.ng the Milllmum Rent requirement of Equation (8)

(12)

then the minimum payment, A*, lS deflned by

(13) ""A* == Y - Y.

S~nce Yis a minimum, A* w~ll be poslt~ve if the Minimum Rent requirement

is b~nd1ng (1£ p~x~ < r).

From EquatJ.on (l2), A* J.S a funct~on of {r, PI' P2' Y}. Applying the

Envelope Theorem and subst1.tutJ.ng :Lnto Equat10n (13), the derivatJ.ves are
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A* ~ Yr

A* == (1 - Y)x
1 + n4-p "" (1 - y)x

I
p'\°xo

PI 1
(14)

1

A*
~

~c/>p - v'\°xD
~ x

2 + :: x
2Pz Z

2

A* "" ~¢ - I == U)"O - 1
y y

where y and J.l are the Lagrange multJ.pliers for the constraints (Pi.xI - r ~ 0)
1and (U - Ijl 2:: 0), respectJ.vely.

The F~rs t order Condl. tJ.ons (FOC) for Equation (12) are

(15)

y ~ 0

lJ. > o.

But these are the FOe for the ExpendJ.ture Dual defined by Equat~on (4) wJ.th

"PI = (1 - Y)Pl· Hence Y J.s defined by

(16)

and

(17)

(iI' xz) == X(P1, PZ' c/>(p, Y)

A ~ -1
A == (p) == A(PI' P2' ¢(p, Y»

A

where PI J.S the level of prices that wJ.l1 support expenditure "r." NotJ.c e

that the support prJ.ces, PI' are s.unply a proportJ.onal sh.J.ft of the inJ.tJ.al

IThe right-most expressions J.n Equation (14) follow fram applicatl0n
of Theorem 3.
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hous~ng pr~ce vector. Thus, when ~n~tial pr~ces are fixed, the Xl and x 2
bundles can be regarded as two compos~te commodit~es and the Minimum Rent

requirement as requir1ng a flXed level of the housing bundle. This yields

strong propos~tions on the signs of the A* der1vatives.

By the Foe, Y 15 posltJ.ve unless the household already meets the constraint

(unless pix~ ;?; r). Hence

(18) A~ > 0 for pix~ < r.

The express~on for A* mvolves C),o/t - 1) • The Slze of (Ao/X) 15 establ~shed
y

by

A(p, U} = A(p, Y (P, U)} {from Equation (5»

OA I ll\ +
~(oY) B-1 +

dA
:= '" dY x.

ap u 'i)p Y aY op op y

But

A ""
au
ay

111 ClU d OA >.:ox •= --= ~(-Ax) "" - 3Y -cp y Clp3Y oY oY

Hence

(19)

"-
where dp 15 some path connectlng PI and p. (Notice that ox/eY is evaluated

along the mdifference surface and is a function of prices and the ~ndiffer-

ence level.)

Slnce p < PI' A/~ < I if (axl/ClY) is everywhere pcsltive (if the elements of

the houslng bundle are everywhere superlor). Indeed, since Ii is proportional

to p, the path, dp, can be wrltten (dp = pdt), and

(20)
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r
... dXl

PI W everyvlhere > 0

.. 0
Pixi < r.

1 < 0 ~fA* ""y
(21)

o A

Thus (A fA) is less than one if the composite housing ccmmodity is every-

where normal. Empirically, tlus seems a reasonable assumpt~on for an inclu

sive enough defin~tion of xl' Thus

This is ~ntuitively reasonable in the large. If the housing bundle is.a

normal good, then as income increases, hous~ng expenditures will increaee

and eventually reach the Minimum Rent requirement.

The second derivat~ves of A* with respect to MinllUUffi Rent reguJ.rement and

lllcome follow. From Equat~on (11)

A* ""
fly

rr ar

(22) A* = dY
ry aY

o -"
A* ""

d(A IA)
yy ay

Fran Equation (16) the value of Y is defined by

Hence

(23)

and

(24)

aX
l

2f the composlte housing commodity 15 superior (that is, if piay- > 0).

~ Theorem 2, the suhmab::J..X (axl/3Pl! ) must be negab.ve def~nite
smce if Y" (ax1/(lP1! )Y "" 0, then (Y", 0) is o¥thogonal to (ax/::lp lu) wmch
violates TheorEm 2. u
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F~nally,

A*
yy

A

P

f ax'"
exp 3Y dp

pO

(25)

From Equation (24), '({Yjay ~s negative. Thus A* will be pos~tive 1.£yy
«a 2x ... j dy2)Pl) l.S negat~ve (s~nce p < po)' This appears to be a reasonable

cond~tJ.on. If the ~ncome elastlclty of the housl.ng bundle 1S less than one,

the cond1t1on is met 1f the elast1.Clty is constant or declin1ng as mcome

1ncreases (1.f the reductJ.on 1.n the proportJ.on of income spent on honsJ.ng is

constant or increasJ.ng), as shown below. If ~ is the elasticity of a good,

"x," then

wrll.ch is ~ 0, as

Thus

(26) A*yy

whJ.ch J.s satJ.sfJ.ed if the lncome elastlcity of demand for the composl.te

housJ.ng bundle is less than one and constant or decllning Wl.th income.
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XVII.3 PRICE CHANGES AND PARTICIPATION UNDER A MINIMUM RENT REQUIREMENT

Housing 15 not a s1ngle, honogeneous good. The cost of equivalent housing

may vary substant1.ally from one area to another and even w1.thin areas. In

addit1.on the relat1.ve cost as well as need for var1.OUS features (construc

t1.on mater~als, aU" cond1.t1.on1.ng r central heatmg, yard space) may vary

substant1.ally. Th1.s ra1.ses J..IlIportant issues of how payments should be

var~ed to take account of pr~ce d~fferences, and for a M~nJ.mwn Rent condi

t~on, how the Minimum Rent level should be adjusted to mallltalll some real

level of hous~ng.

These questions are not really answerable J.n terms of indivJ.dual behavlor

(nor indeed wlthout clear specJ.ficatJ.on of goverrnnent objectlves). Most

feasible polJ.cies must necessarJ.ly be based on and evaluated in terms of

l.11dices derJ.ved frem aggregate behavior. This sect1.on, therefore, J.S

confJ.ned to dJ.scuss1.on of one special case in which the prJ.ces of housing

and nonhousJ.ng goods are each adJusted proportJ.onally.

If the housing and nonhous~ng prlce vectors only change praportJ.onally, then

the houslng and nanhousJ.ng bundles form two composJ.te commodJ.tJ.es. In th1.s

case, the M1.nJ..Illurn Rent requirenent may be thought of as settlng a level for

the composite housing bundle, whJ.le allowJ.ng J..!1d1.vJ.duals to choose the

exact composition of the bundle. ThJ.s subsection explores the implications

of a POllCY of adJusting the MJ.nimum Rent requJ.rement to offset (propar- .

tlonal) l.11creases In the prlce of hous1.ng and maintam the "real" housing

requlrement impl1.cit 1.1l the Mm.lIILum Rent to give the followJ.ng theorem:

Theorem 6 (proportlonal Price Changes). If the component prices
of the hous~ng bundle change proportJ.onally and 1f the MinJ..IllUIn
Rent level ~s adJusted to reflect changes in the price of housing by

dr
r

and if the conposite commodity, houslng, is a SuperJ..or good, then

a. A* > 0
PI

b. A* >0
rPI

c. ~ <0PI

d. A* > O.
PIPI

A-203



Define xl and xl as composite commodl.tl.es. Under an adjusted Minimum Rent

policy, the Minimum Rent condl.tion becomes

(27)

(28)

and Equatl.on (11) is written

Min Y"" PiXl + P2,Xl s. t. U (xl' Xl) ~ <P (p, Y), Xl ~ e

and Equations (14) become

A* ;= PlYe

A* 0" 0
"" X - (;\ IA) Xl

PI 1
(29)

0" 0A* "" Xl - C\ IA)xZPz
A* = (A

0
/~) - 1

Y

where (PlY) is the Lagrange multiplier for the conchtion (xl ~ e), defJ.Iled

by

(30)

The derivatl.ves A~ and A; are as before except that since r = PIe, A~ = PIAi'

and, Xl and Xz are now scalars.

"The quantity, Xl' 15 simply e, the real constraint level, so that Xl is

greater than X~ 1£ the constraint is bind1ng. In th:ts case, since there

are only two commodit1es, i z must also be less than Xl' since Xl and Xl must
o "be compensated substitutes (see Theorem Z). Sl.nce A /A is also less than

one,

(31)

{

A~l > 0

A* is of l.ndetenttl.nate sl.gn.
Pz

The indeterminateness of AP
z

reflects the usual double actl.on of price

changes; increases l.U P z both shJ.£t consumption towards houS1ng, which
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-- ---------------------

would reduce A* (holding real income constant) and reduce real lnccme. 1

In the case of changes in PI' these two effects act in the same dlrection.

The second derivatives with respect to price are

A*
d (PlY)

A*
a(PlY)

'" =
ePI aPl eP2 oP2

A*
i1 (A

Oil) A* =
ap...o/~)

=
YPI apr YP2 ap2

0

<l(A.°/~) 0 (~O) aX l
(32) A* "" x

P1P 2 aPl 1 A. aPl

0

A* ""
a (;\.°/ 1) xo_(~o) dXI

P1P2 <tP2 1 A dP2

ax, ('PlY) + axz _
0

A*
d(AO/~) X O _(A~ aX 2 •=

ClP2P2P 2 aPl BP2 oP2 2 A ClP2

~ile it J.s true that the income canpensated sign of AR2 is clearly
negative {~ (comp)=x

2
- x~), no simple conditions on the demand functions

wJ.ll YJ.eld a 2clear sJ.gn for the uncompensated derivatJ.ve, even though in the
inunedJ.ate neJ.ghborhood of e = x~, the sJ.gn is determined by the gross ccmple
mentarJ.ty or substitutability of xl and x 2 • When the housing requirement
is not bJ.nding, PI = PI and AP2 :: O. As "e" is increased, PI falls. But
along the indifference curve

aAP2 ! aX21aP
l

:= aP
lu u

where (ox:t./3Y) 1S Caxl/(lY) evaluated at Pl' Recalling that the compensated
prJ.ce derJ.vatJ.ves are symmetrJ.c

u y

y

If Xl and x2 are everywhere gross co~plements (L e., 3x1/ap2]Y < 0), then
this derivatJ.ve will be negatJ.ve at PI := Pl' Thus as "e" 15 increased
(.PI falls), A~2 will be ~m.tially positive and the sign of (oAPz/apll u ) is
unclear. S.lRl11arly if Xl and x2 are gross substitutes, AP2 will again start
with the opposite sign in the neighborhood of e ;::: x~_
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By Equation (30)

(33)

L~kew~se,

1 -
aX

l
>O~f-->Oay

(34)

wh:l.ch shares the indeterminacy in s~gn of AP2 .
By EquatJ.on (2l)

~ f ~:1 (1 -'3~~T») -:l
But by Equation (33), (1 - aP

l
r/,n?l) :l.S negative if dXidY 1S everywhere

pos~tive, so that

(35)
A* > 0 }YPI

A* > 0
PIPI

is everywhere positive,

whJ.le the sign patterns of derivat~ves with respect to P2 are J.ndeterminate.

It is also lllterest:Lng to cons:l.der proportional changes in PI wlthout

adJust1Il9 the M~nllllum Rent requirement. From Equat:l.on (14)

AO 0
p"A* = (l - y)r - -;::- pixl"

1 PI A

Since r > PIX~' the crit:l.cal factor :l.S the relative sJ.ze of (1 - y) and
o A

(A IA), both of whJ.ch are less than one. Unfortunately (1 - y) is smaller
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o A

From Equat~ons (23) and (19)than (A IA).

H::~ }lJ
-1

a(l - Y)
< 0::ar

[C fl(36) a fA0
I~) AO axi .. aX l

:: (1:)(" PI) PI 'PI )1 < 0
flr

cl(l - Y)
ar

o A

But (A IA) ~s less than one and ~f (ax2/ay) ~s posit~ve, ((dx1!dY)P
l

) ~s also

less than one.

The quantity (1 - Y)r ~s the expend~ture on hous~ng valued at the support
A

prlees, PI = (1 - Y) Pl' Thus a suffl.cient condition for PiA; > 0 ~s that

the compensated pr~ce elastic~ty be larger than one .l.n absolute value.

The effect of general prJ.ce changes are unposs1.ble to predict without detaJ.led

defhutl0n of the form of the utilJ.ty function. ThJ.s J.S true even under gen

eral adJustment polJ.cies. ConsJ.der, for example, the pollcy that sets the

Mln1Jllum Rent level by

(37) dr
r

This policy J.ncludes adjustment of Equation (27) as a special case under

dPl = PI" Under such a polJ.cy,

(38)

a
The coeffJ.cient of Xl is greater than the coefficient of Xl since

(1 - y) _(),o _y- ..ro )= I + y~;O _ 1) _~o > O.
'" P x P x ~,A 11 11 1\
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~ 0
However, the sl.gn pattern of (Xl - xl) ~s not generally known and hence

IdP
l
" (A* + A*dr) may have any 5J.gn.

PI r
The real ~ssue l.S not the general 5J.gn pattern of A* but the adjustment

p
mechanism for "r. n Thl.S is most iInmediately apparen€ J.n consl.dering how

the Min:unurn Rent requirement should vary across cities. Clearly a f1Xed

dollar requirement will result in very dl.fferent real housl.ng requirements

as PI varies. On the other hand, even a plausible adJustment mechanism

such as that posed above in Equat10n (37) has obvious defects. In particu

lar, 1f Xl i Xl' there will be sets of prl.ce changes that leave the 1ndex

unchanged whl.le substantl.ally chang::tng piil and thus the effect of the Ml.ni

mum Rent requirement. and s1milarly there wl.ll be sets of prl.ce changes that

will change the index without affectl.ng the value of pixl'

These issues appear, however, to be better pursued in the context of aggre

gate models than in terms of individual behavior and will not be explored

further in thl.S appendix.

~urther condit.l.ons can be placed on the demand funct.l.ons. If, for
example. every component of the housing bundle is a compensated subst.l.tute

for every cornpon(e;~IOf~2' th(~lSi\:e

aPl uf'l + ap2 u~2 = 0

by Theorem 2:

Sl.nee

in this case, oxl/or > a and (Xl - x~) > O.
function can be wr.l.tten as U[f(xl)' g{x2)]·
seem unwarranted.
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XVII.4 PARTIC:rPATION UNDER A MINIMUM STANDARDS HOUSING REQUIREMENT

Under a M~nimum Standards housing requirement, e12gible households are

offered a payment, s, ~f they meet the condit1on

(39)

where xl is some subset of commodities (spec1f~cally a set of hous1ng charac

ter1stics such as floor space, number of rooms, or the ratio of window area

to floor area). As w1th lllJ.nimum rent, the household w111 accept the offer

if 1t can reach a h1gher level of util2ty by accepting--2f the payment; S,

15 greater than the ID1n1lllUIn payment needed to compensate it for meet1llg the

M1nJ.ntum Standards requirements. The rest of this sect10n examines the value

of th1S 1111n1ffiUIn payment (A*).

This sect10n has two parts. The first establishes propert1es of the m1nimum

payment (A*) function for MJ..nimum standards. The second compares M1n1mtnn

Standards and M1nimum Rent requ1rements.

Propert18s of a M1llJ.nturn Standards Requ1rement

The pr1nc2ple amb1gU1ty in establishing results for Min~um Standards ar1ses

from the fact that 1t is impossible to say whJ.ch of the requirements w1ll in

fact be bind1ng. In particular, as will be shown below, the fact that in1

tial consumption is greater or less than the requirement for some s1ngle

item does not 1IDply anything about whether or not that requ:!.rement is bind

ing. Thus for example a household may start with more rooms per person than

is required by the standard. Faced with a requJ.rement for hJ.gher quality

rooms, it may well want to reduce the number of rooms below the standard.

On the other hand, if S1ze and qualJ.ty were complementary, a household that

fa21ed to meet either requirement J.n1tially m1ght, for example, elect to

exceed the sJ.ze requirement, g1ven the quality requirement. These effects

are matters of taste and stand apart from the apparent fact that h1gh levels

of certa1n features may only be ava1.1able in combination W1th h1gh levels

of other features.

Although this arnb1gu1ty prevents completely general results, the follOW1ng

theorem covers a wide range of s1tuations.
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Theorem 7 (M~m.mwn Standards). Let A* be the m1.nimum payment necessary
to compensate a household for meet1.ng a Minvmum Standards condition
(Xl :l e), then

A* = A*(e, P
l

, P2' y)

where
e the M1nimum standards

Pl
the market prices of the constrained set

P2 "" the market pr1.ces of all other comrnod1.ties

y "" money 1.ncome

and 1.f e
1.

a. pi(e

o
> x for some 1.,

1.

b.

c.

d.

A* <;: 0 w1.th some pos1.t1.ve element
e

e > x~ is ne1.ther suff1.c1.ent nor necessary for A* '> 0
i 1. ei

A~e is posJ..tive seml.-defJ..nite and can be written as a positive
defJ..nite matrJ..X for elements that are bJ..ndingl with zero entries
for all other elements.

/
-2If, in additJ..on, ax ay > 0 everywhere for every element of the

1
constraJ..nt. then

e.

£.

-1 < A* < 0y

A* > 0 1f e > X
o (suff1cient)

Pl. 1. J..

g. p .... AP > 0 if pie> pix~ (sufficient)

h. AyY > 0 J..£ a2Xl/oy2 < 02

1-. pi (APIPlHSI > 0 where PI and APlPl are restr1.cted to the subset
for wh1.ch the constraint 15 binding. l

The major thrusts of Theorem 7 are most eas1.ly seen J..n ter:ms of proportional

changes in the MJ.nJ.mum standards requirements and the prJ.ce of the housing

J.tems included in the list of requirements. For such shJ..£ts:

lAS will be shown below, the relation of e~ and x
o

does not JJnply
anythJ..ng about whether the ~th constra1.nt is bindJ..ng. ~

2Cond~tions on wealth derJ..vat1.ves are sufficient.
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<lA*
-- < 0 ~f
elY

aX
1F > 0 everywhere

=l)A*

ae

(40)

These results are J.ntu~t1.ve1y plausible. In essence, they say that a house

hold W1.11 require a larger payment to agree to meet more str1.ngent reql11.re

ments and that if none of the components of Xl 1.S 1.nferior, that is, if the

household meets the requ1.rements (or gets closer to meeting them) as 1.ncome

1.ncreases, then the amount of the regu1.red payment will decrease w1.th 1.TIcome

and increase w1.th an increase in the market pr1.ce of the requ1.red 1.tems.

As with Min1.mum Rent, A* is def1.ned by

(41) A* - Y- y

where

(42)

Thus

A* '" 13e

A* " " 0 0
'" x - n),. xl

PI I
(43)

" 0 0A* '" x - nA x
2P2 2

AY
" 0 1llA -

where 13 1.S the vector of Lagrange mult1.pl1.ers for the cond1.t1.on (xl ~ e),

and ~ 1.5 the Lagrange mult1.pl1.er for (U ~ 4».
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The Foe for Equat~on (42) are

(p - B) - nUXI = 0
1

P2 - ilUx2 = 0

(44) n (U (xl' x
2

) - oj = 0

{13io~J} [xl - eJ = 0

(B, il) > o.

These are the FOC for the Expenditure Dual, Equation (4), with PI = (PI - 13)·

By Equations (44), each S ~s pos~tive if x" = e and zero if x, > e~.
~ ~ ~ ~ -'-

Hence

(45) A* = 13 > O.
e

Note, however, that there is no necessary relat~on between whether a con

straint is b~nding (and hence has A~i :> 0) and whether ~t was in~tially met.

The intu~tion of th1S 15 stra~ghtforward. Even though a requirement, say on

Xi' 1S not met in~tially, if x~ 1S strongly complementary w1th other compo

nents whose levels must also be increased, the constraint may not bind once

the other levels have been reached. SJ.Inilarly, if the

nally exceeded the requirement, but X is a subst~tute,
level of x or1g1,
for other components

that must be increased, the constraint on x. may become b1nding.,
One lnterestmg po1nt is that if (Xl = e) glves some 8i < 0, the required

A* will be reduced by allowing x
l1

to exceed 6
1

" Thus, the effiC1ency of

a houslng allowance over direct construction may not only come from allow1ng

the household to choose those features of the un1t w1th which the government

is not concerned, but also from allowing the household to exceed the govern

ment's requ1rements.

These facts may be proved as follows. If the Mim..mum standards requ1rement
o 0

1S set at initial consumption (e = xi)' then a = o. The change in a
necessary to support a change 1n Xl exactly equal to de ~s given by
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(46)

13, P2' ¢ (p, Y)]

-(:;~ r
u

The only restriction on (aB/ae) is that it be posit1ve definite. Th1s can

be sssn as follows. By Theorem. 2, the only restr1ction on C3x/3Plu) :loS that

it be negat1ve semi-definite of rank (n - 1), with p~(3x/aplu) = o. It:los

obv1OUs that the sul:matrix Cox1/oP11 ) must be negat1ve def±Iute (and hence
u

(a13/ae) be posit1ve defJ.nite). Conversely, let (as/ae) be any posit1ve

definite matrix, and thus (axl/ap11 ) any negative defJ.Il1te matrix. Extend

(ax1/ap11 ) to a negab.ve deflllite iiktrix, M, of rank (n - 1). Then define
u

(47)

Then 1t is ev1dent that

(48) z ( M: g)
9 , b

From Equat10n (47)

satisfies the conditions on (dx/ap!u).l

1
The pr:Lee vector, "p," is orthogonal to Z by construct10n. Tha t Z

:LS negatJ.ve s8In1-definite can. be seen as follows. Say that

Y~ZY > O.

2Y~Mp (Yn)2_ ... _
Y"'Zy - y"'AY - -- y + ~ P Mp

Pn n Pn ,
where the fJ.rst and last terms on the r.h.s. are negative by the negative
definiteness of M. But then as Yn goes to zero, Y~Zy must become negative,

hence by contlnUi:Y( i~)e= i:. some Y~ such that

But th1S impl1es

Y= ap.
(footnote continued on next page)
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(50)

(footnote
Thus

S~nce the only restrlctlon on CaS/ae) is that it be positive deflnite, lt is

clear that there may exist a strictly positive change, de, such that

has some negative elements. 1 But thlS means that some elements of the

requirement (e = x~ + de) wlll not be b:l.nding even though (e > x~).

SJJnilarly, there must also be positlve defWlte matr:LCes that map a vector

wlth negatlve elements lnto the positlve orthant (for example, the mverse

of one that maps a strlctly posltlve vector lnto one wlth some negative

elements). Thus we can also have (e:; dB > 0), every element of the con

stralnt blndlng, even though some elements were orlglnal exceeded (Le.,
o 0

e:; xl + de has some elements less than x1l)·

ApplYlng Equatlon (19) to A* Yleldsy

(49)

p

then
ax

A* < 0 if ---.! > 0 everywhere,
y ClY

that is, lf every element of the Mlnlll1UID standards set is everywhere nonnal.

ThlS'is a strong condltlon. Sluee lt applies to each component of Xl' It 15

ObV10usly not necessary. It 15 not unreasonable in the large, however, to

contlnued from prevl0us page)

y'Zy " (p'Mp) (<<2 - 2. :: + G:),)
" (p'Mp) (<< - ::J < 0

by a negatl.ve defln~te.

lSay that there ~s no such vector, de. Then every column of (3 13/3 e)
must be senu.-posltlve, which is clearly not the case for every positive
deflllite matr.l.X.
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assume that the requirements reflect "middle-class" tastes and generally

are ones that wlll be met more closely as income increases.
l

If the normallty cond~tlon of Equatlon (50) lS met, lt also follows that

(51) A* > a for e
Pi 1

o
> x .

l

As discussed above, thlS 15 not

It .1.S not J.nconceJ.vable that some element,

o
The condltlon e > X. lS llllportant, however.

1 1

equlvalent to e belng blndlng.
J.

o
X , 1S greater than e. and is reduced to the minlmurn as other elements are

.1. J.

.1.ncreased.

The equalJ.tJ.es J.n the derivatJ.ves are eliminated for proportional shJ.fts.

If e i x~, then A* is positive and some element of S J.S positive. Thus pro

portJ.onal shifts J.n "e" always increase A*

(52) e'"A* '" e'"l3 > O.e

Sllularly, J.f the superJ.ority condJ.t1.on 1.S met, proportJ.onal shJ.fts J.n PI

mcrease A* J.f the cost of "e" 1S not less than J.nltJ.a1 houslng €Xpend:ltures

(:t.n effect, 1.f "e" does not represent a lower level of the cornposJ.te housJ.ng

(53)

As WJ.th Minimum Rent the sign pattern of A* is J.ndeterminate WJ.thout speC1
P2

fying t.'f),e 5J.ze of the substitution effect between xl and x
2

,

lIt would be desirable to flnd some pr.l..ce path for the integral in
EquatJ.on (49) that would YJ.eld J.ntuitively understandable condJ.tions on the
housJ.ng bundle as a whole. None is apparent, however. Proportional Shlfts
in pr.l..ces give terms J.n (ax/ay)"" (PO - PI)' where (PO - PI) are not the pr:lces
supportlng (ax/ay). ProportJ.onai expans10n of "e" gJ.ves tenus ~n

(ax/ay)" (aXI/aPII )-I(e - x~). It should be clear, however, from the dlS
CUSS10n concernln~ <al3/8e), followlng Equation (46), that th1s tenn may have
any sJ.gn as long as ax/aY and e - x~ are not proport10nal.

G1ven ,<lx/<lY and e - x~ not proportional, select the orthonormal rotation Q
that rotates them until the J.th element of each has the same or opposite Sl.gn
as appropriate. Then set Al. as large as necessary and Q"(Ai0l.J)Q will be a
(<lXI/aPll ) that gives the des1red s1gn.

u

A-2l5



Ignormg the terms in P2 (which are of indetennnate s~gn), the matrJ.X of

second order partJ.als J.S gJ.ven by

A* = .£f. A* = aB 11.* = oB
ee oe' e ap ; ey oY

PI I

(54) A* '" ('Xl) -Xo (~r(n(::~1 );PIPI op! 1 oPl
Y

A*
a(Ao/~)

yy oY

The tenns of dB are zero for components where e < x. For the other ccmpo
1. J.

nents, dS is defJ.ned bY!

(55)

(56)

If '" _ (ax1)-1
oe oPl

u

Thus (ae/ae) is a poSJ.tJ.ve semi-definJ.te matr~ so that

t
A* ::: 0, A* of indetennJ.nate s~gn

e e. e.e

(57)
J. ~ J. J

e"'A* e > o.
ee

~or components where €J. is Just bJ.ndJ.ng, these expressions apply
only to changes that :mcrease l3 (e.g., nonnegatJ.ve changes J.n "e").
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The sign patterns of (3tV3PI) and (al3/ay) are indetenninate, even for pro

portional shifts (see the footnote following Equation (50».

The term (a(Ao/~)/3Y) is g~ven, following Equation (25), by

(58)

But

(59)

and

(60)

A* = ..l. (AO/~)
yy 3Y

[(7 a2 '"

d~
axi aPllA* ""

AO Xl
+yy ~ ay ay fly

! as 'aPI
- c~ for :1 ;:: e

""3Y o for xl > e

3xi l.@. (a~l)'(aXl rax, (~o) > 0
3Y =3Y cY aPl fly A

u

since (ax/aPll ) is negative definite. Thus
u

(6l) A* > 0 J..f
yy

< a everywhere.

Agall1, this is a strong candJ.tion, since it relates to each component.

The S1gn pattern on the prJ..ce derivatives is unclear. If some of the XlJ.

exceed eJ.' then l3 i will not change for these components. Changes in Pli
for elements where it > e are like changes ~n the prices of the uncon-

l~ J..
stra1ned subset, and no sign can be established. Proportional changes in

the prices of· the effectively constra~ned subset do have a clear effect,

however.

(62)

A

(p - (3)For x. = e, PI = and
~ 1

ap
l

I
as

apl "" - aPl
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by Equation (56). Thus

"(::~ J(::~) -X~ (f)
(::~ ) .

u

(63)

and proportJ.onal shifts J.n these prices alone yJ.eld

(64)

(65)

sJ.nce ax1/ay > 0 lag assumption, and (dxl/dPll ) J..S negative definite.
u

ComparJ.son of Minunum Standards and Mwimurn Rent

It J.s clear from Section XVII.3 that a MJ.nimum Rent requirement will never be

exceeded unless the household exceeds it initJ.ally, that is

pixler) "" Max[r, PiX~].

By EguatJ.on (12), Xl J.S a minunurn cost posJ.tJ.on. Hence if a given MJ.nunum

Standards requJ.rement, "e, 11 ~5 not met by iI' an addJ.tional payment wJ.ll be

requ~red to compensate the household for moving to "e." Thus

(66) A*(r ~ Pie) 5 A*(e).

In addJ.tJ.on, the dJ.scussJ.on above showed that

(67)

so that

(68)
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that is, expendl.tures under a Ml.n.unurn standards requirement may exceed the

level required to Just purchase the ml.nllllUffi bundle. It should also be clear,

however, that thl.s expendl.ture level would not necessarl.ly lead the house

hold to purchase "e" without the constraint. Thus

(69)

Thl.s establishes:

Theorem 8 (comparison of Minimum Standards and Ml.nJ.mum Rent) .
Under the M1nllllUIn Re:r;-t reqlll.rement:

r - p"e
1

A* (r) ::: A* (e)

pil (r) ::: r ~ piXl (e)

A*(r) < A*(e) 1.f r < pi~l(e).

Further

Camparl.Sons cannot, of course, be established for derivatives under the two

types of requJ.rements. The relative effect of changes in l.ncome, prl.ces, or

requ1rement level wl.II depend on whether the household, given expendl.tures,

moves closer to or farther from the Min:unum Standards vector.

XVII.S SOME UNFINISHED BUSINESS: EXTENTIONS OF THE MODEL OF INDIVIDUAL
BEHAVIOR

The precee.dJ.ng sect1.ons have developed a more or less detal.led theory of

discrete choJ.ce J.n a tlllleless, frJ.ctionless world with perfect information

and complete certainty, in whJ.ch there are no disl.ncentl.ves to Participation

other than the hous1ng requirements attached to the payment. The theory 1S

detailed, though at times inconclus love, Wl.th respect to the effects of pay

ment levels, housing regl1l.rements, pr1ces, and household l.ncome. It allows

for the €Xl.stence of, but does not investigate, differences ~ taste due to

other demographic factors such as household sJ.ze. Nor does it yet really

l.nvest1.gate the link between part1.C1patl.On and other behavior.

This sect10n briefly discusses these issues and indJ.cates possible exten

sions of the model to deal Wl.th them.
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Search and Mov~ng Costs

One of the most str~king misspecif~cat~ons 1n the model of ~ndividual be

havlor presented in previous sectlons is the assumptJ.on that adJustments,

and in particular mov1ng or rehab1litation, cost noth1ng in themselves.

In fact, finding and mOVl.ng to a new dwelling un1t may involve oonsiderable

costs in tenns of time, money, and psychic dislocation. The existence of

such transactlon costs complicates the model of indlvldual behavior in

several ways.

Most obviously, the m~nimum payment necessary to compensate an indivldual

for meeting housing requirements now is defined by

(69)

where

s* = A* + M*

A* = the lndlfference payment defined In prevl0us sections

M* =: compensation for rnovlng.

Notice that M* lS zero for households that already meet requirements, or

would normally have moved and met them (and hence do not have to be ccmpen

sated for changl.ng their housing). Further, one would S}l;;pect that M* would

be different depend-lng on whether or not requirements could readily be met

by rehabllitatlon of the household's current unit as opposed to movlng. In

addltion, to the extent that the costs of moving are costs of mOVJ.ng alone,

as opposed to the costs of searching for a unit with particular characteris

tics, then any household that would have moved anyway will not need to be

compensated for these pure moving costs. Further, moving costs may be

lncurred agam at the end of the experiment if households expect to have to

readJust theJ.r houswg once the allowance payments end. FinallYJ M* 16 a

capltal cost incurred in order to recelve payments; if s* is computed in

monthly payments, then M* is defined by

T C
t M* T
L (1 + r)t = eM +(1 + r)T
1

r
(70)

M* =
T

r(l + r) C +
T M

(1 + r) - 1
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where

= the cost of moving

the expected cost of moving at termmation
(possibly zero)

r "" the indivJ.dual discount rate

T = the number of months the individual will recel.ve
payments.

Thus M* lllcreases over tJ.me as the household t s remainJ.ng months in the

program decrease.

On the other hand, to the extent that the moving costs reflected in M* are

not monetary, they are income to the recipJ.ent, 1 and so will be at least

partially offset by a reduction in A*. Thus the appropriate specrlicatJ.on

of Equation (69) is2

(71)

where

s* = A*(Y + M*) + M*

A*(Y + M*) = the indifference compensation required at
income Y + M*

"M* ::::: the discounted nonmonetary movJ.ng costs
(if they are posJ.tive)

M* "" discounted movJ.ng costs.

The purely financlal costs of moving may not be large. The periodic inter-
3

views asked households that had moved how much it cost them to move. Wh.1.Ie

some households reported large costs, the vast majority (well over 90 per

cent in Phoenix and from 73 to 88 percent J.n PJ.ttsburgh) reported costs of

not more than $100 (see Table XVII-I). USJ.ng the formula given in Equation

(70) and assuming a discount rate of 7 percent, 30 months renaining in the

program and that the household does expect to have to move agal.n at the

lcompensation for nonfinancial components of M* is not real income
in the sense of makJ.ng the household better off. On the other hand, havrng
accepted the compensation, M*, the household then has to decide where to
spend it.

2Note that sJ.nce -1 < ~ < 0, nonmonetary mov~ng costs will only be
partJ.ally offset.

3The exact question was; "Altogether, about how much did it cost you
to move? Include things like wages lost because of moving, paying for some
one to help you, or paying for a moving van."
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Table XVII-l

HOUSEHOLD ESTIMATE OF THE COST OF HOVII\'G

STANDARD
DEVIATION MINIMUM

PERCENTAGE
MAXIMUM < $100

SAMPLE
SIZE

PITTSBURGH

F~rst PeriodJ.c $52 $53 0 $300 BB. (285)
IntervJ.ew

second Per~od1c 5B 63 0 500 B5 (218)
Intervl.ew

Third Per~odl.c
85 109 0 1300 73 (301)

Intervl.ew

PHOENIX

Fl.rst PerJ.odl.c $16 $45 0 $800 98% (603)
Intervl.ew

Second Perl.odl.C
25 118 . 0 200 96 (409)

Intervl.ew

Th1.rd Perl.od~c
32 76 0 800 93 (495)

Intervl.ew

SAMPLE: Households that reported havl.ng moved since the prevl.OUS
intervl.ew _

DATA SOURCES: First. Second and Thl.rd Period.1.c Interviews.
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end of the exper:unent, a hundred dollar

• monthly payments of only nJ.ne dollars.

cost for each move would reqt.nre

These figures are admJ.ttedly only

for households that dJ.d move. More importantly they do not include either

psychJ.c costs, search time, or the loss of lower rent levels assocJ.ated

wJ.th long tenure J.n one unit.
1

In additJ.on to these dlIect effects, the exJ.stence of substantial movJ.ng

costs would suggest that J.ndivJ.duals may not be in equliilirJ.um when they

receive the exper.l1llental offer. Thus on the one hand, the compensating

payment (A*) may be dJ.fferent from that implied by equJ.!1.br1.tnn (a source

of n02se J.n est.unating the relatJ.on between A* and income, prJ.ces/ and so

forth), and on the other hand. to the

to move anyway, the term M* would not

extent that
2

enter.

the household is aoout

Furthermore, adJustment costs suggest that households wJ.ll attempt to match

theJ.r housing to some long run posJ.tJ.on, that the relevant

abIes are some sort of "permanent" J.ncome, household size,

:independent varJ.
3

etcetera.

In summary, the transactJ.on costs assocJ.ated with fJ.nding and moving to a

new un1t may mean that households will behave dJ.fferently dependJ.ng on whether

lprelim1nary estimates of hedon1c J.ndJ.ces for the two sites estlmate
that households that have lived 1.n the same unJ.t for flve to ten years pay
almost 14 percent less rent 1.n Plttsburgh and over 17 percent less rent J.n
Phoenix than new tenants in comparable unJ.ts. See Merr1.1l (1976, p. 52).

It should be noted, however, that these reduct1.ons may not J.n fact reflect
a tenure dJ.scount. If households with "good deals" tend to hold onto them,
then proportionately more long-tenure households would have rents below mar
ket value and hence show a ne:;ative coefficient for tenure in hedonlc regres
SJ.ons.

2Note that disequilibrlU1T1 affects whether or not a household is willing
to take up the offer in terms of moving. Once the household decides to move,
the offer must still be better than the eqtl1librium position (as it would be
if in comblnatlon with the dlsequJ.l1.brium posltion it leads a household to
move) •

3This is not the .only reason ."hy current income, in particular, may
not be an approprlate variable. ConsideratJ.ons of smoothing lifetllne con
stnnptJ.on and uncertal.llty about future income also enter, complicated by less
than perfect capital markets. No modeling of thJ.s 28 proposed. VarJ.OU8
proxles such as average income or estJ.mated (instrumentally) permanent in
come may be desl.Xable, however.
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or not they e~ther do not have to move to meet program requ~rements or would

have moved anyway.

It may be noted lD passing that the theory of participatlon prov~des an ob

V10US basls for a theory of mobllity. The cost to a household of belng out

of eql.ulibrium lS deflned by A*. Thus movlng deciSlons ln general could be

characterized in terms of the present discounted value of moving costs and

the cost of being out of equilibrium, At (E = R
t

). As will be shown in a

later subsection, this impll..es, for example, that only under speclal restrlc

tions can the cost of dlsequilibrlUlll and hence mobllity declSlons be charac

ter~zed ln terms of the stream of (Rt - R~) or (R~/R~) when R~ are desired

experuiJ..tures (J.Il a frictl.Onless world) and R~ are actual expendltures.

Shopplng Behavior

One potentially :Lmportant problem related to moVJ.ng ~nvolves the effects of

program offers on shopp~ng behavior. It 1S apparent that informat~on :Ln

rental markets 1S l.mperfect enough to allow at least some varlatlon l.n hous

ing prlces. How much a household pays for a glven type of UIUt is, there

fore, dependent l.n part on luck and on the household's efforts ln shopping
1

for good deals. 1m.y hOUSlng requirement reduces the set of acceptable un~ts

and hence may change the average prlce that must be paJ.d by tenants that move

to flnd such units. Th~s is most evident ln the case of Minimum Rent require

ments, wh~ch clearly el~:mJ.nate good deals from among types of UIutS wlth

average rents near t.'iJ.e Minlmum Rent level, but it may apply to other requlre

mente as well.

As a result. as noted ~n dlapter 4, the change In housing obtained in meet

J.ng some houslng requirement may be less than proportional to the change In
2

expendJ.tures, malang the program offer less attractlve.

UncertaJ.nty

In general, ~ndJ..Vl.duals may be uncerta~n about the cho~ces aVaJ.lable to·

them, IDl.staken ln the~r understandJ.ng of the cho~ces, uncertain about thel.r

preferences Wlth respect to the choices, and unable, havlng dec~ded on a

1See Kennedy and :t-lerrlll (1979).

2For conparisons of real housing changes w~th changes ~n houslng
ezpenditures, see Kennedy and Mernll (1979) and Friedman and welImerg (1978
and 1979).
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course of action, perfectly to control or predict the actual outcome of the

act~on. These phenomena are not well understood, and are not likely to be

well modeled w~thin the course of this analysis. The fallowing paragraphs

~nd~cate standard ad hoc characterizations of the problems they present an:l

suggest the nature of their impact on the analysis.

The first two uncertall1t~es SJ.lIlply say that the observed variables charac

terizing an ll1d~v~dual's situation will differ from the variables on which

the indlvidual makes decis~ons. Such errors in varJ.able problems are well

established in social sc~ence and dealt with in fairly standard, if ad hoc,

ways. Indeed, as long as the problem. involved is to predict behavJ.oY, given

values of the erroneously measured observed varJ.ables, there is no problem

at all; estimated effects may have a larger variance of est:unate when based

on erroneously measured ll1dependent variables, but are unbJ.ased.

The real problem arises in lnferr1ng the effects of other var1ables. Thus,

for example, if policy makers, as seans likely, are interested In the normal

or average lncome composition of participants, it may be desirable to analyze

particlpatlon 1n terms of normal (average, permanent) income over several

years, J.ncorporating the relationship of the true variables to this measure

rather than, for example, income at enrollment. Sl.Inilarly, to the extent

that mdividuals' understanding of the~r s~tuatJ.on lIllproves over time, part~

cJ.pation may change over tlllle.

Uncertain preferences may be formally treated by assuming that the J.nd1vi

dual acts as if his preferences of the moment are certain. In t1us case,

the random change in preferences over tillle can be treated formally in the

same way as random differences In preferences across ind~viduals. This is

not unreasonable with regard to a notion of errors in Judgment about tastes.

It is unsatisfactory in that it does not attempt to structure individual

uncerta~nty (by, for example, assuming that an indivldual is more uncerta1n

about "distant" alternatives than near ones) and thus allow the l.ndividual

to respond to his uncertainty.

Random outcomes of actions are another source of error in postulated rela

tlonshlps. Lihtle comment J.S necessary. Unless there is reason to bel~eve

that the relation has same systematic component, lJ.ttle can be done unless

intentions can be 1dentified.
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Other OiSlncentlves to partlc1pation

Part1clpation 1n a hous1ng allowance program 1S sUbJect to a variety of

factors common to all transfer programs, though d1ffering )..n content frem

program to program. These may 1nclude the bother of reporting requirements,

dislike of dependence, a feelmg that others need assistance more than they

do, lack of awareness of the program, and so forth. partic1pation Ul the

HousJ..ng Allowance Demand Expernnent had its own spec1al features, including,

for example, an extensive outreach program 1n wh1ch eligible households were

contacted 1n person and unusual (in pr<Jg"rams) reportJ..ng requirements such as

monthly reports on lncome, rent, and household canposition. Thus the minJ..

mum payment for partJ.cipation now becomes

(72)

where

S* = A*{Y + M* + T*) + M* + T*

A* the 1nd1fference compensation required at income
Y + M* + T*

..* ~ the dJ.scounted nonmonetary moving costs

W ~ the discounted total moving costs

T* ~ the compensation to overcome other factors.

NotJ.ce that T*, like W, is partJ.ally offset by the reduction in A* due to

the 1ncome effect of T*. Put another way, if T* 1S large enough, lt may

effectively swamp the more systematic A*.

Two issues arise with respect to T*. FJ.rst, to what extent can it be J..den

tif1ed and thus separated from M* and A*? Second, to what extent can J.t be

roed1.fied by changes Jon program procedures and, in particular, by dropping

the special experimentally 1nduced program reporting requirements?

With respect to the f1.rst lssue, three groups may offer some part1al infor

mat1.on on T*. Control households had to meet all program requJ.rements except

the hous1.ng reqllJ.rements. Thus theJ.r particJ.pat1.on may provide some infor

matJ.on on T*. Unfortunately, Control households, unlJ.ke Experimental house

holds, were asked to enroll not only on the basis of the payment they received

($10 per month plus $25 for each of three J.ntervJ.ews) but also on the baS1.S

of helpulg in a study of housing. In add1.t1on, although all part1cipants

were prom1sed anonymJ..ty, ExperJ!Uental households may have had to announce

their partJ..cJ.patJ..on J..n order to show that they could afford units. Thus

the partJ.cJ.pation behavJ.or of Control households may be dJ.fferent from that

of ExperJ.mental households.
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A second poss1ble source of infarmat20n on T* is Percent of Rent households.

These households were offered a payment equal to some fraction of their

rent, and were not requ2red to meet any housing requirements. Thus their

part2c2pat2on should reflect T* alone. The problem in estimatlng partic2

pat10n behav10r for Percent of Rent households 2S that the payment they re

ce2ved depended not only on thelr pre-program rent but also on the2r ult1

mate rental expend2tures g2ven the payment. Thus estimates of T* 2n terms of

demographic var2ables for these households w2l1 reflect not only d2fferences

in T* but also d2fferent propens2ties to move and change expenditures. Fur

thermore, to the extent that Percent of Rent payments do proceed from lllduced

changes in housing expenditures, they are not str2ctly eqll2valent to a pay

ment not tied to hous2ng.

A th2rd posslble source of 1nformat2on about T* 1S Houslng Gap households

that rema1.ned l.n the experllll.ent, meet2ng all requJ.rements except the hous2ng

requ1rements. These households, 11.ke Control households, rece2ved $10 per

month 1f they meet all report1.ng requuements. After two years, l.t may be

reasonable to assume that they were no longer 1.nterested 2n partic1pahng l.n

the program but d2d accept a mod1.f2ed Control offer.

The problem of sort1ng out the effects of llld1.V1dual program requirements,

and especially the expernnental-specif1.c report1.ng requ1.rements, on T* 2S

more d1ff2cult. All households faced the same reportlllg requ1rements. House

holds were asked to rate the botherscmeness of var10US spec2f:lc requlXe

ments. To the extent that these ratlllgs can be l.nterpreted as prox2es for

elements of T*, they may allow dollar valuat20n of l.nd2v1.dual requ2rements.

The problems involved 1n sortl.llg out experimental and normal program factors

1n T* d1SCUSSed in the preV:lOUS paragraph, raise a more general 2ssue con

cern1ng the extent to Wh1Ch experimental part1.cipat2on rates can be used to

forecast part1.C1.pat2on in a normal program. Aware of the munerous peculiar1.

ties of the expernnental outreach and enrolJment procedures, the design of

the Demand Experiment carefully dJ.savows ab:ll1.ty to forecast absolute levels

of part2cipat1.on. Forecasts of absolute partic1.pation rates under alterna

t1ve programs should probably be based on reasonably careful analys1.s of

results from the AdmJ.nistrative Agency Experiment and Supply ExperJ..ment as

well as the Demand Experllllent.
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Implications For Other BehavlGr

The conceptual framework of the participation model applles to other forms

of behav~or as well. In part1.Cular, there is a strong formal link between

partJ.cJ.patl0n and inJ.tial housJ.ng positJ.on on the one hand and the response

of partJ.cipants in terms of changes In housJ.ng positlon on the other. ThlS

subsection brlefly descr1bes these links and some of the difficultJ.es 1U

valved J.n explolting them analytlcally. It appea!:'s, In general, that whlle

these Ilnkages among different behaviors do exist In theory and thus provlde

a potentJ.ally powerful analytJ.c specJ.fication, theu applicatlon in practJ.ce

may be well beyond the range of theoretical developnent in the near future.

In terms of J.nJ.tial posl.tl.on, the indJ.viduals' demand functlon

(73)

A* (E, p, Y) " 0

H the vector of houslng consumption

E " the vector of hous1ng requirements

p " the vector of commod1ty pr1ces

Y = income.

where

1.5 defined by

(74)

ThJ..s 15 nat surprlsing, Slnce both the demand functJ.on and. A* are defined

by and define the lndividual l s preference ordering over commodities (up to

a monotonic transformation). In terms of the response of participatJ.on, at

least twa groups may be distinguished 2Il terms of whether or not households

are in fact constra2Iled by the housing requuements. If the household would

meet the requirements in any case, then J.t will J.n theory follow J.ts normal

behavioral path, that 1S

(751 H"" H(Y + 5, p) if A*(Y + 5) i O.

Other households are forced off their normal behav~or

(76) H = E :> H( (Y + S) I p) if A* ( Y+ S) :> O.

These groups may be further dJ.vJ.derl by whether or not the household must

move to part1c1pate, and indeed, if J.t does not have to move, whether the

returns to moving exceed M*.
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Despite these formal links, however, exp12cit connections between demand

funct10ns and A* are difficult to develop. The express20ns for the der1va

t.l-ves of A* developed ill prevJ.ous sect10ns of this report are not readily

interpretable 1n terms of demand functions, nor are there apparently s1mple

cond1t10ns to translate A*(E, p, Y) into A*(E, H(p, y».l

XVII.6 AGGREGATE BEHAVIOR

The prev10us sect10ns have d1scussed 1nd1v1dual household response to a

hous1ng allowance. ThlS sectl0n develops a model of aggregate behav20r

based on the dlstr1butl0n of lndlVldual responses. It thus lays the

foundat10n for emplr1cal estlmatl0n and the appllcatJ.on of the theory of

1ndJ.v1dual behavJ.or to the deslgn of alternatJ.ve programs. The sectl0n

has two parts. The fJ.rst part develops a general model connectlng lnd1

vldual and aggregate behavior. The second dJ.scusses som~ key assumptlons

necessary to allow J.nferences about aggregate behavl0r from the lnformatl0n

on lnd1vJ.dual behavJ.or developed 10 Sect10ns XVII.2 through XVII.4 above.

Aggregate Behav20r

ThlS subsectJ.on flrst consJ.ders a model based solely on the pure compensa

tJ.on costs (A*) d1scussed J.n Sect10ns XVII.2 through XVII.4 and then brlefly

exam1nes the complJ.catJ.ons J.ntroduced by not10ns of mov1ng costs and general

bother costs dlscussed in SectlonXVII.5. conslder a group of 1ndJ.viduals

wJ.th the same lucome, household S2ze, and other demograph1c character1st2cs

facJ.ng a common set of prJ.ces. If tastes vary across lndlv1duals (as

eV2denced, for example, by varyJ.ng levels of expendJ.ture on hous1ng by

otherwlse sJ.rnJ.lar households), then the A* level for each household, the

mlnJ.illum payment at whJ.ch the household wl1l agree to partlClpate 1n a

program w1th a g2ven houslng requ2rement, wJ.ll also vary.

Let 2t be assumed that the distr1butJ.on of A* can be der2ved from the d2S

trJ.butl0n of U by

(77) F(S; E, Y, p, D) Prob(A* < slE, Y, p, D)

~act conditions have not yet been established, but they are restr2c
t2ve. A* as a fWlction of E and H(p, y), for example, requlres that the
ratlo of aHjap and aHjay be constant along an llldlfference curve. Sllularly,
A* (E - H

O
) requires, among other things, that the cctn.pensated demand curves

are lJ.near in prices.
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where

E ~ the hcus~ng requ~rement

y household ~ncome

p = the vector of pr~ces

D = a vector of demograph~c character1st1cs

and the probab~l~ty ~s the S1ze of the subset of U for wh~ch:

(78) A*(E, Y, p) < S

(79)

1
relat~ve to the S1ze of the adm~ss~ble set, g~ven D. The d~str~but~on of

Equat~on (77) lS cond~t~onal on a glven ~ncome. pr1ce, and so forth for

every household. Thus, for example In

1T(S; E, Y, p, D) '" IS f(A*: E, Y, p, D)dA*.

-~

~ lS the partlc~pat~on rate for a group of households wlth ldentlcal lucornes

and demograph~c character~st~cs, fac~ng a common set of pr~ces, and each

offered the same dollar payment, S, subJect to the same houslng requ~rement.

E.

The d~strlbut10n of f(A*) 15 not emp1r1cally convenlent. A* lS nece5sarlly

nonnegatlve. Furthermore, every household that meets the houslng requlre-

ments wl1l have A* equal to zero. Thus, the d1strlbutlon of A* as presently

def~ned cannot be descrlbed by any contluuously dlfferentlable dlstr~butlon.

A* can, however, be redef1ned so that It does not accumulate at zero.

Conslder flrst a Mln~um Rent requ~rement. Households accumulate at (A* =0)

because they are allowed to exceed to MlnDnUm Rent level. But A* could be

more generally deflned ~n terms of the compensat~on necessary to Lnduce a

household to spend more or less on hous~ng than ~t des~res, that ~s, ~n

terms of the requl-rernent.

(80) r.

A* wlll, however, stll1 be nonnegatlve, Sluce the household w1l1, by defl

nlt~on, be worse off out of egu~llbr~um. L~kew1se, the s~gns of der~vat~ves

are reversed when (piXl > r)i lnCreaSl-ng "r," for example, br1ngs such a

household closer to equ1l~brlum and reduces the compensat~on requlred.

1
Note that the dlstrlbutl0n of U, the preference orderlng, may lTIclude

a stochast~c d~str~but~on of U assoc~ated wlth each lndlvldual. Thus lndl
v~dual behav~or may also be stOChastlC.
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The obv~ous redef~n1t1on of A* for a M1n~um Rent condltl0n 15, therefore:

A* = the mlnlmum payment necessary to compensate
a household for spendlng r = pixl

(8l) A* ~
A* 1f r > p~xo

- 1 1

= -A* 1f r < p~xo
- 1 l'

All of the theorems of Sect10ns XVII.2 and XVII.3 hold for A* as deflned by

Equatl0n (81).

The A* dlstrlbutl0n for a Mlulmum Standards requlrement can be s1ffil1arly

redeflned. Unllke M1nlmum Rent, however, the M1nlmum Standards require

ment cannot be posed ~n terms of (Xl = e). Households that do not meet a

Mlnlmum Rent requlrement wlll never exceed the requlrement, so that

(82) A*(p~x = r)
1 I = > r.

As was d1scussed In Sect10nXVII.4, however, lt 15 poss1ble that

(83) A*{x = e) > A*(x > e)
I 1 -

\
I

a 1even ~f (Xl < e). Thus an equallty requlrement would sh~ft the A* d1str1-

butlon for Mln1mum Standards. The appropr1ate redeflultl0n of A* for Mln1

mum Standards 1S glven by

(84) A*
f~

=l:A*

necessary to compensate X > e 1£ Xo 1 e
1 - 1

necessary to compensate Xl ~ e 1f x~ > e.

)
) These redef1nlt10ns spread A* so that lts dlstr1but10n can be cont1nuously

d1fferent1able, though stlll bounded.
2

Estlffiatl0n of Equat10n (79) can yleld not only estlmates of partlclpat10n

rates but also at least partlal lnformat1on on the change ~n hous1ng that

w~ll result from the program and net benef~ts In terms of the ~ncome

equ~valence of the offer.

Partlclpatlon rates for the populatl0n as a whole and marg1nal rates for

1
See the d1Scuss10n follow~ng Equatlon (45).

2
In fact, many emplrlcally tractable forms w1lI be unbounded. ThlS

sort of mlsspec~flcat~on15 common, however, and may not be serl0U5.
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van.ous subgroups follow from

(85) J J'IT [ S (p, Y, D), E. Y, p, D] 9 (p, Y, D)

(p,Y,D)

where n* 1S the partlclpatl0n rate for the populatl0n as a whole.

Responses of part1c1patlng households depend crltlcally upon whether or

not they are 1U fact constralned by the hous1ng requ1rement, that 1S

(86)

[Xl (Y + S) 1f Xl (y + S) satLsf1es E

~l =lLXl(E) 1£ Xl (Y + 5) does not sat1sfy E

But householdS for WhlCh Xl (Y + S) satlsf1es E wll1 also have A*(Y + S)

nonpos1tlve. Thus the proport1on of part1cLpants that w111 exceed the

requlrement (for whom the reqll1rements are not bl.ndl.ng) 1$ glven by

(87) m
T*(S = OJ Y = Y + S, D, E, p)

T*(Si Y, D, E, p)

where the arguments of rr* are dl.strlbutlons as 1n Equatl0n (84).

The net benef1t for any l.nd;l,V1dual from part1c1patlug 1$ glven by S, where

S lS deflned by

"S = S 1f A*(Y + S) S 0
(88) " "A*{Y + S) = s - S, 1f A*{Y + S) > o.

"Thus S 1S the excess of Saver A* after A* has been adjusted to take account

of the add~t1onal real lucame from the payment (net of compensatlon for

meet1ng the housing requ~rement). Thus, lower and upper bounds on the mean

"value of S for any group of partlc1pants are g~ven by

B = E{S) - E(A*(Y»

(89)
B = E(S) - E(A~{Y + s}).

These can be further ref1ned by notlng that B 1S equal to s where A* ( Y + S)

~s less than or equal to zero. Thus closer approxJI[lat~ons wlil be prov~ded

by
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B* E(S) - E[A*(Y) jfar A*(Y + S) > 0]

(90)
B* : E(S) - E[A*(Y + S) Ifar A*{Y + S) > OJ.

Sect~onXVII.4 suggested that the partlclpation decislon could not be

reasonably characterJ.zed s~ply In terms of pure compensatlon for dlS

equlIJ.brlum (A*) and that there were also both general varlat~ons ~n the

propenslt~ to particlpate In any program and varJ.atlons In transactions

(movlng or rehabJ.lJ.tatJ.on) costs. As dlscussed below, these factors may

seriously undermlne the aggregate model presented above and suggest that

prlor lnformatJ.on on the probab1llty of meet1ng requlrements .In the

absence of the experJ.mental program and the probabJ.llty of movlng may be

deslrable for an adequate speclflcatlon of the partlclpatlon decJ.slon.

Conslder flrst the compensatlon requlred to part~Clpate 1n any program

Over and above the addltlonal campensatJ.on.requJ.red to lnduce the house

hold to meet the houslng requlrements. Th1S was symbolized by T* J.n

Sect1.on XVII.4 and S* rewr1.tten

(91) S* A*(Y + T*) + T*.

Equat1.on (91) cannot, however, apply if A* 1.S redefined as above; negat1.ve

values of A* are def1.n1.t1.onal and would not affect POS1.tlve values of T*.

Indeed, even under the orlglnal defJ.n1tlon of A*, negatJ.ve values of T*

wJ.ll not enter the argument of A*, Slnce the payment to part~cipate J.S not

actually made. Thus, ~f T* and A* are ~ndependently distrJ.buted, the

appropr~ate expresslOll for the particlpatl0n rate would be

(92)

o
J[g{T*1

_00

SJ[g (T*)

_00

S-T*

Jf(A*;Y)dA*]dT* +
~

S-T*Jf (A*;Y + T* )dA*]dT*.
_00

ThlS lS a reasonably cumbersome expresslon. It suggests that the model

m~ght be profJ.tably expressed ln terms of the probab~lJ.ty of part~C1.patlng

1£ the household would meet the requ1.rements 1n the absence of the experl

ment (A*(Y) ~ 0) and the probabJ.l1.ty of partlC1.pat~ng if the household
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==A/~<l.

1would not meet requ~rement. In any case, unless T* 15 relatlvely small,

dlrect est~atlon of the partlclpatlon model wl11 not necessarily provlde

est~ates of the proportl0n of partlclpants as would normally meet the

hOUS1Ug requlrements In the absence of the exper~ent.

Transactlons costs present a more campllcated problem. Most ObVlously,

they only arlse when A* 15 posltlve, and then only when the household

would move. Thus, the effects on the dlstributlon of A* of changes in

hOUS1Ug requlrements, prlces, or lucama are confounded wlth changes 10

the probablilty of movlng and of havlng to move to meet requlrement.

More generally, to the extent that transactlons costs lead households to

malntalo nonequll1brlum posltlons lU the absence of the exper~ent, they

further confuse the appropr~ate value of A*.

The next sect~on d~scu$$es further assumptions concerning the nature of

the connectl0n between g(U) and f(5*) wh~ch allow inferences concernlng

aggregate behavlor to be drawn from lnd~vldual behavl0r.

Connectl0ns Between Aggregate and Indlvldual Behav~or

Havlng redeflned 5* to obta1n a more convenlent dlstrlbutl0n, further

assumpt10ns must be made before the results for lndlvlduals can be used

to establlsh results for aggregate behaVlor. Conslder, for example, the

problem of predlctlng:

IThe probab111ty of partic1patlng for households that would meet
requlrements lU the absence of the exper~ent 1S sunply the probabll1ty
that T* 1S less than S. For other households, the d1strlbutl0n of A* + T*
may be expressed 1n several d1fferent ways. For example, 1£ T* 1S redeflned
by

5* = A*(Y) + T*.
then the dlstr1butl0n of T* wlll vary when A* 15 P051t1ve and T* 1S poslt1ve,
Slnce then

as*-- == A* + 1
3T* Y

~f

A*
yy

Thus the varlance of T* wlll,
the varlance of T* and 5~nce

lncreases.

T* J..S lndependent of A*, be smaller
> 0 wl11 tend to 1ncrease as 1ncome
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(93)
a~ asae ~ res; E, Y, p, D)ae f Saf(S*i E, Y. p. D)

+ ae
_<:0

where e ~s some relevant varlable. The lndlvldual theory of Sectlons XVII.2

through XVII.4 g~ves only Il.lTl~ted ~nformat~on about the last term of

Equat~on (93). If tastes vary w~th 6 In an unknown way, then the dlstrl

but~on of S* wlil sh~ft ~n an unknown way. Thus the f~rst crltlcal

assumptl0n necessary to lnfer aggregate from 1ndlvldual behavl0r lS

ASsUmptlon 1 (Independence of Tastes). The dlstrlbut~on of
preference orderlngs for a glven demographlc group, D, lS
lndependent of prlces, houslng requlrements, and ~ncome.

Prlces, houslng requlrernents, and lncome are specifled because these are

the varlables for WhlCh lndlvldual behavl0r was establlshed. Notlce also

that the valldlty of the assumptlon may depend on the exact set of charac

terlstlCS lncluded ln the set of demographlc descrlptors, D.

For lucorne, thlS assumptlon regulres, among other th~ngs, that all prefer

ence orderlngs be separable In terms of lncame-related elements such as

work-Ie1sure dec1S10ns and cansumpt10n dec1S10ns, so that dlfferent work

lelsure decls10ns do not systemat1cally change the preference order1ng over
1

consumptlon goods.

If, 1n addlt1on, hlgher lncame households have fundamentally dlfferent tastes

due to upbrlng1ng, educat10n or whatever, these must, of course, be expllCltly

controlled for. Such problems are probably less severe w1thln the restrlcted

lncome range relevant to houslng allowances but rnlght most obv~ously ar1se

w~th respect to raclal or ethn1C background, Slze of household, and sex of

head of household.

A slmllar lssue ar1ses w1th respect to the level of hous1ng requ1rements.

The level of hous~ng requ1rement lS a control varlable and so lS lndependent

of tastes except that lt lS often var1ed w1th ~ousehold Slze and hence may

be correlated w1th tastes 1n thlS way.

These lssues slmply gu~de the approprlate cholce of elements for lncluslon

~n the set of demographlc descrlptors, D.

1
There 1S no requ1rement that the allocat10n of expend1tures be lnde-

pendent, only that the preference orderlng be lndependent. Hence the le1sure
and consumptl0n branches do not need to be hornothet~c.
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On the other hand, the change 1n the varlance of S* 1$ gl.ven by

t.

"
----------

<:ls* all
1.1) (ae - ~g (u)

- ----------

2 J(s*
u

~~ := f;~* 9 (u)du.

1.1:= JS*(u, 8)g(u)du

u

(95)

(94)

Assumptl0n 2 (DoID1Dance of Mean Effects). The dlstr1but1on
Of (S* - 1.\) 15 fl.xed.

Relatlvely strong 1nferences can be made from l.nd1vl.dual to aggregate

behavl.or 1f d1str~ut10ns are f1xed except for the fl.rst moment, th1s lS,

1£

Thus the change l.n the mean value of s* 1S the mean of the l.ndl.Vldual

changes l.n S*. Results for derl.vatl.ves of S* wl.ll carryover to the

value of S*.

and depend on the covarl.ance across tastes of S* and as*/ae. Thus no

1nference about higher order moments 15 pos51ble wlthout some lnformatl.on

on the dl.str1butl.on of tastes.

Wh.l.le such assumptlon5 prov1de formal connection between the determ1nJ.stic

models of the preVl0US sections and stochast.l.c behavl0r, whether l.nd1vidual

or aggregate, lt should be clear that the connect10n 1$ relat1vely unexplored

Even 1f tastes are 1ndependent of e (glven the value of DJ, ~ndl.v~dual

theory only provl.des lnformatl.on about the mean value of £(5*) and not

about other moments. The dl.strl.but~on of £(S*) lS assumed to arlse from

some underlyl.ng distrl.butl.on of tastes. If tastes are l.ndependent of e,
then

Most obvl.ously, Slllce the effect of any varlable on the mean of S* 15 the

mean of the l.ndl.v~dual effects, all the theorems of Sect10ns XVII.2 through

XVII.4 apply to the mean, and thus under A5sumptl.On 2, d1rectly to aggregate

behav.l.or.



and lncomplete. The connection between determinlst1c and stochastlc

behaVl0r proposed here seems relatlvely vulnerable on at least three

grounds.

First, In purely formal terms, the reasoning s11des too readily from notl0ns

based on a countable number of lndivldual preference orderlngs to a contln

uons dlstrlbutl0n of preference orderlngs. Thus, for example, the content

of Assumptl0n 2 lS not clear, especlally In connectl0n with 5peclflc dlstrl

butlons. Say, for example, that £(5*) 15 any two parameter dlstr:tbution,

for example the normal or lOglstlC dlstr1but1on. Then

(96) 7T

where h(t) 1S the unit normal (or lOglStic) dlstrlhutlon, and

(97) ~l :=: - ~.!.~h ~s - j.l)~a j.l + (§....:.J:!.) acrJae S cr a de cr ae .
~nus the Slgn of (a7T/ael wl11 be determlned by (do/aSl as well as (dj.l/aS) and

for extreme values of S, domlnated by (ao/ae). On the other hand, thlS result

seems counter-J.ntuitlve. If, under Equatlon (77), the S* associated with every

preference orderlng lncreases, for example, the proportion of preference

order~ngs for wh1ch (s· < S) cannot increase. ThlS would apparently :tmply

that under the condltlons of Eguat~on (96), (dO/aS) must be zero.

It may be worthwh1le to consider the 1IDp11cations of such reason1ng for

est~atlllg demand functl0ns. Say that there 1S some distrlbutl0n of prefer

ence order~ngs f(u), and say that for every adIn1ss~ble preference ordering

some good, "x," 15 Superl0r (&x/&Y > 0). Then clearly 1f preference order

~ngs are d~stributed independently of 1ncome, the mean value of "x" lS also

superl0r, and the varlance may change ~n an unknown way as ~ncome changes.

On the other hand, the proportJ.on of lud1vlduals consuming "x" .1,n excess of

some f~xed level, x, cannot decrease as lucame lncreases. But by Equatlon

(97) lf we also assUme that "XU 15 normally distr1buted, the varlance must

be constant and the regresSl0n of "x" on lncame homoskedast1c w.1,th respect

to lucome.
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It ~s d~ff~cult to know how ser~ously to take th~s conclus~on. The reason

~ng proceeds from ~ntu~t~on based on a countable number of ~nd~v~duals to

cont~nuous d~str~but~ons. It does suggest that the connect~on between 9 (u)

and f(8*) should be ~nvest~gated mOre closely.

In add~t~on, the model ~tself ~s unduly restrict~ve on at least two grounds.

F~rst, all uncerta~nty ~s loaded onto stochastic preferences. There ~s no

uncerta~nty about the obJect~ve elements of chOlce. Whlle at some level

of general~ty there may be no mean~ngful dlst1nctlon between uncertain

obJect~ve facts and uncerta1n preferences, th~s restr~ct1on 1S of spec~al

concern glven the model's second fa~lure--the lack of any real ~nvest1ga

t~on of ~ndlv1dual choJ.ce In the face of uncerta~nty. The J.ndivJ.dual ~s

assumed to act on each moment's tastes (or perhaps the mean of h~s/her

tastes) wlthout regard to theJX voJatihty.

These weaknesses are not only J..JlIportant for modell.ng partJ.cipatl0n. The

maJor ~ntellectual dr~ve beh~nd the models developed here J.S an attempt

to J.ntegrate the partJ.c~pat~on declsJ.on wJ.th other elements of demand

theory, most notably, the demand for housing. Yet as the model stands,

there are few explJ.cJ.t llnks between the two. ThlS is partly no doubt due

to the usual problems of llnklng utll~ty and demand funct~ons ~n the large,

but ~t also may rest on the lack of expl~c~t mechanisms connect1ng ~nd1

vldual and aggregate behavJ.or.
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